Serum creatinine (Cr)-based glomerular filtration rate (CrGFR) is overestimated in liver disease. The present study evaluated whether the difference in CrGFR and cystatin C (CysC) GFR (dGFR) is significant in liver disease. The Cr-to-CysC ratio and sarcopenia index (SI) have been reported to correlate with muscle volume. An estimated total body muscle mass with Cr, CysC and calculated body muscle mass (CBMM) has also been reported to correlate with muscle mass. The applicability of dGFR, SI and CBMM for liver disease were evaluated. A total of 313 patients with liver damage were evaluated for Child-Pugh score, albumin-bilirubin (ALBI) score, model for end-stage liver disease, fibrosis-4, Cr, CysC, Cr-based estimated GFR (CreGFR), CysCGFR and grip strength. Of the 313 patients, 199 were evaluated using cross-sectional computed tomography (CT) of the third lumbar vertebra to determine the skeletal muscle (SM) mass. dGFR, CBMM and SI were compared to liver damage, muscle strength and muscle mass. In the 313 patients, dGFR was correlated with age, ALBI and grip strength; CBMM was correlated with body mass index (BMI) and grip strength; and SI was correlated with BMI and grip strength. In patients evaluated with CT, the correlation coefficients for CBMM and SI with SM were 0.804 and 0.293, respectively. Thus, CBMM and SI were associated with sarcopenia. The relationship between dGFR and ALBI does not differ with different grades of CrGFR-based chronic kidney disease (CKD). dGFR is a marker of liver damage and muscle strength regardless of CKD. CBMM and SI are markers for sarcopenia in liver disease.
Introduction
Assessment of glomerular filtration rate (GFR) using the serum creatinine (Cr)-based method provides very inaccurate results and tends to overestimate GFR in patients with liver disease (1) . In chronic liver disease, decreased Cr production correlates with decreased hepatic creatine synthesis, and decreased skeletal muscle (SM) mass is thought to overestimate Cr-based GFR (CrGFR) (1, 2) . Conversely, serum cystatin C (CysC)-based estimated GFR (CysCGFR) shows improved correlation with measured GFR and improved predictability for overall survival and incidence of acute kidney injury compared with CrGFR (2) (3) (4) . CysC appears to be more sensitive than Cr for patients with declining GFR in chronic liver disease (3) (4) (5) . However, CysC positively correlates with body mass index (BMI) and is more strongly correlated with waist circumference and inflammation (6) (7) (8) .
In patients with chronic kidney disease (CKD) with eGFR >60 ml/min/m 2 , the medium value of Cr was well within the normal range, whereas the median value of CysC was found to be higher than the upper reference limit (7) . As reported, liver disease can also cause fluctuations in CysC level (9) . Several cystatin C-based equations have been proposed, although they have not been shown to be superior to Cr-based equations (10) . However, whether the difference between CrGFR and CysCGFR is significant in patients with liver disease has not been investigated.
Recently, Cr-to-CysC ratio (Cr/CysC x100), the so-called sarcopenia index (SI), has been reported to be associated with a fair measure of muscle mass estimation among patients admitted in the intensive care unit and can modestly predict the time in hospital and 90-day mortality among patients who do not have acute kidney injury at the time of measurement (11) . SI correlates with muscle volume in patients with critical illness (11, 12) , lung transplant candidates (13) , patients with type 2 diabetes (14) and patients with hepatocellular carcinoma (15) . Cr production is relatively constant when the muscle mass is stable. Since CysC is excreted by all nucleated cells, the effect of muscle mass on CysC production is less than that on Cr. Therefore, SI is presumed to be associated with SM mass and sarcopenia. Sarcopenia is a harmful condition in patients with liver disease and cirrhosis (16) in patients who undergo liver transplantation (17) and in patients with hepatoma (18, 19) . In 2015, the Japan Society of Hepatology (JSH) decided to establish its own assessment criteria for sarcopenia in liver disease due to the high number of patients with liver disease and sarcopenia (20) . As per the JSH criteria, when the handgrip strength was below 26 k in men and 18 kg in women, the muscle volume was evaluated by computed tomography (CT) or bioelectrical impedance analysis (BIA). As SI was not evaluated for its usefulness in liver disease, the present study compared SI and sarcopenia using the JSH criteria.
A new equation to estimate total body muscle mass using serum Cr and CysC level, the so-called calculated body muscle mass (CBMM), has also been developed (21) , where Cr is correlated with muscle mass and CysC is correlated with body fat mass after adjusting the GFR value. After eliminating GFR, an equation to estimate total body muscle mass was generated. There was an agreement between muscle mass calculated and that measured by dual-energy X-ray absorptiometry in both the derivation and validation cohort (P<0.001, adjusted R 2 =0.829, β=0.95 and P<0.001, adjusted R 2 = 0.856, β=1.03, respectively) (21) . CBMM is calculated using body weight (BW) in kg, Cr and CysC.
The present study evaluated the applicability of CBMM in liver disease in addition, it evaluated the significance in the difference between CrGFR and CysCGFR in liver disease, with a focus on the relationship among differences in GFR, SI, CBMM and liver damage. Subsequently, in patients who underwent abdominal CT, body composition, including SM mass, was measured and their correlation with GFR, SI, CBMM and muscle mass were compared.
Patients and methods

Patients.
A total of 313 patients with liver dysfunction were admitted to Nagasaki Harbor Medical Center between April 2017 and October 2018. The median age of patients was 66 years, (range, 25-92) and there were 167 females and 146 males in the recruited cohort. In the outpatient department, patients were evaluated for the cause of liver disease (including hepatitis C virus, hepatitis B virus, autoimmune hepatitis and primary biliary cholangitis), clinical stage of liver disease [normal, chronic hepatitis and liver cirrhosis (22) ], degree of liver damage [Child-Pugh score (CPS)] (23, 24) , albumin-bilirubin score (ALBI)] (25), model for end-stage liver disease (MELD) (26), fibrosis-4 (27), renal function (serum Cr, CysC, CrGFR and CysCGFR), BMI [BW (kg)/height (m)/height (m)] and grip strength (kg) ( Table I) . All patients were screened for hepatocellular carcinoma using imaging examinations (ultrasonography, CT and /or magnetic response imaging).
This was a retrospective observational study. Informed consent was obtained from each patient included in the study and they were guaranteed the right not to join the study or to leave whenever they wished. The study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki, as evidenced by the approval of the study by the Human Research Ethics Committee of Nagasaki Harbor Medical Center (approval no. H30-031).
Measurements. Laboratory and anthropometric measurement data were obtained for each patient during the hospital visit. Laboratory examinations included the assessment of total bilirubin (TB, mg/dl), albumin (mg/dl), alanine aminotransferase (U/l), aspartate aminotransferase (U/l), platelet (10 4 /µl), prothrombin time (percentage and international normalized ratio), Cr (mg/dl) and CysC (mg/l). Estimated GFR (eGFR; ml/min/1.73 m 2 ) was calculated using the equations based on the guidelines of Japanese Society of Nephrology for Japanese patients, as follows: Male CrGFR=194 x Cr -1.094 x Age -0.287 ; female, CrGFR = male CrGFR x 0.739; male CysCGFR = (104 x CysC -1.019 x 0.996 Age )-8; and female CysCGFR=(104 x CysC -1.019 x 0.996 Age x 0.929)-8.
Patients' diseases were staged according to the level of CrGFR in ml/min/1.73 m 2 : G1, >90; G2, 60-89; G3a, 45-59; G3b, 30-44; and G4, 15-29 (28) . The difference between CrGFR and CysCGFR (dGFR) was calculated as follows: CrGFR-CysCGFR. SI was calculated as follows: Cr/CysC x 100. CBMM was calculated according to the Cr, CysC and BW according to a previous study (21) . CBMM index was calculated as follows: CBMM/height (m)/height (m).
Hand grip strength was evaluated in 302 patients. Grip strength was measured using a dynamometer (Smedlay's Dynamo Meter; TTM) with participants standing in an erect position with both arms at their sides. The maximum result of two tests was used for further analysis. Female patients with mean grip strength <18 kg were categorized under the low strength group and male patients with mean grip strength <26 kg were categorized into the low strength group according to the JSH criteria (20) .
CT analysis of the body composition. Of the 313 patients, 199 were evaluated by CT (Table II) . In these patients, cross-sectional CT images at the third lumbar vertebra (L3) were analyzed using Slice-O-Matic version 5.0 (TomoVision) to determine SM, abdominal adipose tissue area [visceral adipose tissue (VAT), subcutaneous adipose tissue (SAT) area and intra-muscle adipose tissue]. Muscle areas included the psoas, erector spinae, quadratus lumborum, transversus abdominis, external and internal obliques and rectus abdominis muscles. Tissue Hounsfield unit (HU) thresholds were employed: -29 to 150 HU for SM; -190 to -30 for SAT; and -150 to -50 for VAT (19) . SM was normalized for height in meters squared and expressed as cm 2 /m 2 as skeletal muscle index (SMI). VAT/SAT ratios were also calculated to explore abdominal adipose tissue distributions. In addition, mean muscle attenuation (MA) was calculated using the same CT images to assess SM quality (Table II) . A low muscle volume is <39 cm 2 /m 2 of the SMI in women and <42 cm 2 /m 2 of the SMI in men. Sarcopenia is diagnosed as low grip strength and low muscle volume based on the JSH guidelines for sarcopenia (20) .
Statistical analysis.
Data were analyzed using StatView version 5.0 (SAS Institute, Inc.). Data are presented as mean ± standard deviation. Laboratory result variables were compared using correlation analysis, t-tests (for differences between two groups), one-way analysis of variance with a post-hoc Tukey's test (for differences among three or more groups) or a χ 2 test. A multivariate analysis was performed with multi-linear regression analysis and logistic regression analysis. Correlation was evaluated based on Pearson's correlation coefficient (R). P<0.05 was considered to indicate 
Results
dGFR only contributes to liver damage, whereas CBMM contributes to grip strength more than deGFR and SI. The relationships between dGFR, SI and CBMM with clinical factors were analyzed (Table III) . Age, CPS, ALBI, MELD and FIB-4 were positively correlated with dGFR and grip strength negatively correlated with dGFR. CrGFR was positively correlated and CysCGFR was negatively correlated with dGFR. For SI, Cr was divided by CysC, which reflected the low Cr and high CysC and negative correlation with dGFR. SI was positively correlated with grip strength and negatively correlated with age, CPS, ALBI and FIB-4. CBMM was positively correlated with BMI and grip strength.
In a multilinear regression analysis, age, ALBI and grip strength were correlated with dGFR, grip strength was correlated with SI, BMI and CBMM. Notably, sex differences were reflected in CBMM but not in dGFR; patients with CKD G3-5 had lower dGFR but not CBMM compared with patients with CKD G1-2 (Table IV) . Patients with worse stage disease (CH/LC in clinical stage, B/C in CP and 2/3 in ALBI) had excessive dGFR (P<0.05, Table IV ). Patients with low grip strength had higher dGFR compared with those with normal strength. Conversely, CBMM in the female group and low grip strength group were lower compared with the male group and normal strength group (Table III) . dGFR is only a contributing factor for ALBI. dGFR, CBMM and SI were correlated with grip strength, but CBMM had the largest R (CBMM R= 0.496; SI R= 0.398; and dGFR R=-0.175).
CBMM correlates better with muscle volume than SI. The relationship between CBMM and CT-based body composition was analyzed in 199 patients (Tables II, V and VI) . Of the 199 patients, 76 had low muscle volume, and 54 of the 76 patients with low muscle volume were diagnosed with sarcopenia. The positive correlation between CBMM with SM (R= 0.804) was greater than its correlations with VAT, SAT and MA but not with CPS and ALBI (Table V) . SI showed a weak positive correlation with SM (R=0.293), and a negative correlation with CPS and ALBI. It was evaluated whether ALBI and CKD had an influence on the relationship between CBMM and body compositions (Table VI) . As SM, grip strength, age, VAT, SAT and MA were statistically correlated with CBMM in the correlation analysis, these factors were evaluated by a multilinear regression analysis. SM, grip strength and VAT were contributing factors for CBMM; in addition, SM and grip strength were contributing factors regardless of ALBI and CKD. VAT contributed to CBMM regardless of CKD and G1 of ALBI but not for G2-3. SI was positively correlated with grip strength and weakly correlated with SMI. However, the R values for these relations with SI were lower than those for the relations with CBMM (Table II) .
dGFR correlates with age and grip strength and ALBI but not with SM; CBMM correlates with SM and grip strength.
The relationship between dGFR and body composition was assessed in 199 patients evaluated by CT (Table VII) . dGFR Table III . Association between dGFR, SI and CBMM with clinical factors. was positively correlated with CBMM, MA and grip strength, negatively correlated with age and ALBI, and was not correlated with SM and SMI. CBMM, grip strength, age and ALBI were correlated with dGFR based on the multilinear regression analysis (Table VII) . dGFR in CKD G1-2 was influenced by CBMM, grip strength, age and ALBI and in CKD G3-5 was influenced by age and ALBI (Table VII) . The low grip strength group had lower CBMM and higher dGFR compared with the normal group (Table VIII) . Additionally, the low muscle volume group had lower CBMM compared with the normal group, without any difference in dGFR (Table VIII) . Similarly, the sarcopenia group, which included patients with low grip strength and low muscle volume, had lower CBMM compared with the normal group, without any difference in dGFR (Table VIII) . CBMM and dGFR differed with sarcopenia, low grip strength and normal muscle volume, low muscle volume and normal grip strength, and normal grip strength and normal muscle volume (Table IX) . SI was also lower in the low strength and sarcopenia group compared with the normal group (Table IX ). In the multivariate analysis, factors correlated with sarcopenia were found to be CBMM and SI but not dGFR (Table X) .
Discussion
The present study did not intend to evaluate the difference between true GFR and Cr-based GFR. Rather, it clarified whether dGFR, that is the difference between CrGFR and CysCGFR, correlated with ALBI and grip strength in liver disease. Overestimated CrGFR, which is almost identical to dGFR, is speculated to contribute to liver damage and muscle strength. Conversely, CBMM, calculated by Cr, CysC and BW, correlated with grip strength and SM. Thus, CBMM is speculated to contribute to muscle function and volume and is a major factor contributing to sarcopenia, but it did not correlate with liver function. SI is also similar to CBMM and it was correlated with muscle strength and volume and contributed to sarcopenia but did not correlate with ALBI. However, SI was a weaker relation factor for muscle strength, muscle volume and sarcopenia than CBMM.
In the present study, dGFR was found to be a marker of muscle strength and liver function. The cause of dGFR is the overestimation of CrGFR, which was caused by the decreased creatine production in the liver and Cr production in the muscle (29) . A previous study showed that the overestimation of CrGFR, which is the difference between true eGFR and CrGFR, was observed in 47% of patients with cirrhosis and was associated with female sex, CPS grade B/C and decreased SM volume (4) . dGFR correlated with CPS, ALBI, MELD and FIB-4, but ALBI was found to only influence dGFR based on a multi-linear regression analysis. ALBI is calculated using albumin and TB values and has attracted attention as a prognostic factor for liver disease (25, 30) . CPS is used to determine the degree of ascites and hepatic encephalopathy and is evaluated based on the clinician's judgement; conversely, ALBI is independent of the clinician's judgment. MELD can overestimate Cr in liver disease; conversely, calculation of ALBI is not used in Cr value. FIB-4 is a useful marker for liver fibrosis but not for liver function (30) . It may reflect the relationship between Cr product loss in the liver and ALBI-influenced dGFR in liver disease. Previous studies demonstrated that Cr is a biomarker of muscle volume (29, 31) , but the present study showed that dGFR was correlated with grip strength but not with SMI. CysCGFR was reported to be correlated with hand grip strength (32) , and a previous study showed that low grip strength was associated with age, female sex, height, depression and mobility problems Table V . Association between CBMM, CBMMI and SI with muscle volume. in elderly patients at a primary care unit, but eGFR was not evaluated in that study (33) . In addition to muscle atrophy, physical inactivity and protein energy wasting conspire to impair muscle strength (34) , and hand grip strength was the only mortality factor (35) that is not associated with muscle volume (36) . The decrease in muscle strength is significantly more rapid than the concomitant loss of muscle mass (37). Tamai et al (15) described that the eGFRcre/eGFRcys ratio could be a useful predictive marker for survival in patients with hepatocellular carcinoma. As the relationship between dGFR and grip strength was clarified in the present study, the relationship between dGFR and the prognosis of liver disease should be evaluated. Additionally, as CysC is a stable marker for GFR, regardless of the liver function (3), a combination of Cr and CysC may be an important marker for liver and muscle function in healthy individuals. CKD grade by CrGFR in patients was fundamental to evaluate dGFR. In patients with CKD G3-5, dGFR correlated with age and ALBI but not with grip strength. Since dGFR in CKD G3-5 is smaller compared with CKD G1-2, grip strength may be affected by worsening CKD stage, whereas CBMM was correlated with SM regardless of CKD stage and ALBI grade. CBMM was hypothesized to be a universal marker of muscle mass and strength based on the results of the present study.
CBMM is also a useful maker for muscle strength and volume. Unlike dGFR, CBMM correlated with sarcopenia. Sarcopenia has a poor prognosis (16) (17) (18) (19) and is a severe fibrosis factor (38) in liver disease, but evaluation of muscle volume and strength require several different techniques. Muscle strength is evaluated by CT or BIA using the JSH criteria. To the best of the authors' knowledge, the present study was the first to report that CBMM contributed to grip strength, muscle volume and sarcopenia in liver disease. It is hypothesized that CBMM may serve as a diagnostic marker for sarcopenia in liver disease.
SI was also correlated with SM and sarcopenia. However, compared to CBMM, the correlation coefficient of SI and SM was weak, and the odds ratio of SI for sarcopenia was also weaker compared with CBMM. Recently, SI was reported to not be correlated with sarcopenia (39) . In liver disease, Cr/CysC is correlated with muscle mass and liver function (15) . In the present study, the correlation coefficient of SI and grip strength was larger than that of SI and SM, and SI in the low grip strength group and sarcopenia group was lower compared with the normal group. Given the above results, it was hypothesized that SI indicated muscle strength rather than muscle mass and was a weaker marker for muscle strength and volume than CBMM.
The present study has some limitations. The proportion of patients with CKD G3-5 and CPS B/C was small. Thus, evaluating the relationship between dGFR, CBMM, SI, muscle volume and grip strength in end-stage liver and renal disease was difficult. Sarcopenia and grip strength are known prognostic factors for chronic disease, survival times could not be evaluated due to the short observation period. However, the present study clarified that dGFR is the marker of liver function and muscle strength, and CBMM is a marker of muscle volume and strength or sarcopenia in liver disease. Additionally, the present study demonstrated that dGFR increased in patients with advanced liver disease and with low muscle strength. Therefore, Cr and CysC may be important markers for the evaluation of the liver and muscle function in patients with liver disease. conformed to the ethical guidelines of the 1975 Declaration of Helsinki, as evidenced by the approval of the study by the Human Research Ethics Committee of Nagasaki Harbor Medical Center (approval no. H30-031).
